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Abstract - The behavior of Ag-water nanofluids is explored numerically in an inclined lid-driven triangular enclosure heated 
on bottom surface. The consequent mathematical model is governed by the coupled equations of mass, momentum and energy 
and solved by employing Galerkin weighted residual method of finite element formulation. A wide range of governing 
parameters such as the Richardson number and Reynolds number are considered in this investigation. Ag-water nanofluids are 
used with Prandtl number, Pr = 6.2 and Reynolds number (Re) is varied from 100 to 500.The streamlines, isotherm plots and 
the variation of the average Nusselt number at the hot surface as well as average fluid temperature in the enclosure is presented 
and discussed in detailed. It is observed that Reynolds number strongly influenced the fluid flow and heat transfer in the 
enclosure at the three convective regimes. 
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I. INTRODUCTION 
 
Nanofluids come out to have a very high thermal 
conductivity which can meet the intensifying demand 
as an efficient heat transfer agent. Researchers have 
started showing interest in the study of heat transfer 
characteristics of these nanofluids in recent years. A 
prodigious importance has been shown to the forced 
convection heat transfer phenomena as it has a very 
wide range of application in heat exchangers, solar 
collector, electronics cooling, desalination process and 
so on The convective heat transfer feature of 
nanofluids is influenced by the thermo-physical 
properties of the base fluid and nano particles. The 
function of a meticulous nanofluid for a heat-transfer 
intention can be traditional by properly modeling the 
convective transportation in the nanofluid [1]. A 
numerical study is performed to analyze the transport 
mechanism of mixed convection in a lid-driven 
enclosure packed with nanofluids by Muthtamilselvan 
et al. [2]. Sheikholeslami et al. [3] conducted the forced 
convection heat transfer in a semi annulus under the 
influence of a variable magnetic field using ferrofluid 
(Fe3O4). They found that the effects of Kelvin forces 
are more pronounced for high Reynolds number and 
heat transfer enhancement has direct relationship with 
the Reynolds number. A parametric study on mixed 
convection flow in a lid-driven inclined square 
enclosure filled with water-Al2O3 nanofluid was 
performed by Nada and Chamkha [4]. Mansour et al. 
[5] conducted a numerical simulation on mixed 
convection flow in a square lid-driven cavity partially 
heated from below using nanofluid. Eastman et al. [6] 
considered pure copper nanoparticles of less than 10 
nm sized and achieved 40% increase in thermal 
conductivity for only 0.3% volume fraction of the solid  

 
dispersed in ethylene glycol. Tzeng et al. [7] 
investigated the effect of nanofluids when used as 
engine coolants. CuO and Al2O3 and antifoam were 
individually mixed with automatic transmission oil. In 
this study, the effect of Reynolds number is 
investigated numerically. 
 

Fig.1.Schematic of the problem with the domain 
 
II. PROBLEM ANALYSIS 
 
A. Physical Configuration 
The physical model is depicted in Fig. 1. The problem 
deals with a steady two-dimensional flow of nanofluid 
contained in an inclined lid-driven triangular 
enclosure. The length of the base wall and height of the 
sliding wall of the enclosure are considered by L and 
H, respectively. In addition, the sliding wall of the 
cavity is kept adiabatic and allowed to move from 
bottom to top at a constant speed V0. Moreover, it is 
assumed that the temperature (Th) of the heating part of 
the bottom wall is higher than the temperature (Tc) of 
the right inclined wall. 
B. Thermo physical property of nanofluid 
The nanoparticles of Ag are assumed to have a uniform 
shape and size. Furthermore, it is assumed that both the 
fluid phase and nanoparticles are in thermal 
equilibrium state and they flow at the same velocity. 
The thermo physical properties of the nanofluid are 
assumed to be constant except for the density variation 
in the buoyancy force, which is based on the 
Boussinesq approximation. The data used for the 
numerical simulation [8] is given in Table1. 
C. Mathematical Modeling 
The free space in the enclosure is filled with Ag-water 
nanofluids. The nanofluid in the enclosure is 
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Newtonian, incompressible and laminar. The 
nanoparticles are assumed to have uniform shape and 
size. Under the above assumptions, the system of 
equations governing the two-dimensional motion of a 
nanofluid is as follows: 
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The effective density of the nanofluid is defined by 

 1nf f s                 
   (5) 
where δ is the solid volume fraction of nanoparticles. 
The thermal diffusivity of the nanofluid is defined as: 
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The heat capacitance of nanofluids can be defined as: 
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      (7) 
The thermal expansion coefficient of the nanofluid can 
be defined by 
      1nf f s                

 (8) 
The dynamic viscosity of the nanofluid is defined as:  

 2.51

f
nf








               

 (9) 
The effective thermal conductivity of nanofluid was 
intoduced as: 
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where, ks is the thermal conductivity of the 
nanoparticles and kf is the thermal conductivity of base 
fluid. 
Introducing the following dimensionless variables  
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the governing equations may be written in the 
dimensionless form as 
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The nondimensional numbers that appear in equations 
(13) -(15) are as follows: 
Reynolds number 0 fRe V L  , Prandtl number 

f fPr   and Richardson number 

  2
0f h cRi g T T L V   

The appropriate boundary conditions for the governing 
equations are 
     on the bottom wall: 0, 1U V     (on the 

heater), 0, 0U V
N


  


 (on the unheated part)  

on the left inclined wall: 0, 1, 0U V
N


  


 

on the right inclined wall: 0, 0U V     
 
where N is the non-dimensional distances either X or Y  
direction acting normal to the surface. 
The average Nusselt number at the heated surface of 
the cavity may be expressed as 
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and average fluid temperature in the enclosure may be  
defined as /dV V   (17) 
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III. COMPUTATIONAL DETAILS 
 
We use the Galerkin weighted residual method of finite 
element formulation as a computational scheme. The 
finite element method begins by the partition of the 
continuum area of interest into a number of simply 
shaped regions known as elements. These elements 
may be different shapes and sizes. Within each 
element, the dependent variables are approximated 
using interpolation functions. In the present study, 
erratic grid size system is considered especially near 
the walls to capture the rapid changes in the dependent 
variables. The coupled governing equations (12)-(15) 
are transformed into sets of algebraic equations using 
finite element method to reduce the continuum domain 
into discrete triangular domains. The system of 
algebraic equations is solved by iteration technique. 
The solution process is iterated until the subsequent 
convergence condition is satisfied: 1 610m m      

where m is number of iteration and  is the general 
dependent variable. 
Table 1. Thermophysical properties of water and nanoparticles 

[8] 

 
 
IV. RESULTS AND DISCUSSION 
 
In this study, our attention is taken into account to 
investigate the effects of controlling parameters 
namely the Reynolds number and Richardson number 
(Ri). Here, solid volume fraction (δ) and tilt angle  are 
kept fixed at 4% and 60, respectively.  

 
Fig.2 Streamlines for different values of Reynolds 

number Re and Richardson number Ri. 

The effect of Reynolds Number Re and Ri on the fluid 
flow and temperature distribution in the cavity are 
illustrated in the Figs.2 and 3 by plotting the 
streamlines and isotherms for Re = 100, 200, 300 and 
500 and various Ri (0, 1 and 10), while δ = 0.04 and  = 
60o. The basic flow structure in the absence of natural 
convection effect is presented in the left bottom corner 
of Fig. 2 at Re = 100. It is seen clearly that for Ri = 0.1 
and low Reynolds number (Re = 100), the forced 
convection plays a dominant role, and the recirculation 
flow is mostly generated only by the moving lid. The 
fluid flow in a two dimensional lid-driven triangular 
enclosure is characterized by a main circulating cell 
(major cell) near the vicinity of the sliding left surface 
in the enclosure developed by the lid and a weaker 
anticlockwise rotating cell close to the right bottom 
corner for all values of Re. It can easily be seen from 
the left column of Fig.2, the key cell is created by the 
lid exhausted the neighboring fluid. In addition, the 
flow strength and the size of the key cell is decreases 
with the increasing values of Re. On the other hand, it 
is found from the streamlines that the flow strength as 
well as the size of the anticlockwise rotating cell is 
escalating very moderately when Re is increased. With 
increment in Re at Ri = 1, buoyancy driven vortex 
becomes stronger than the vortex due to the moving 
lid. Finally, for Ri = 10 and different values of Re (= 
100, 200, 300 and 500) the flow patterns are 
characterized by two asymmetrical vortices that 
occupy the entire cavity as reflected in the right 
column of the Fig. 2. It is noticed that most of the part 
of the cavity is covered by the minor cell. It also seems 
that the mechanical effect generated by the moving lid 
is dominated by the buoyancy forces. 

 

 
Fig.3 Isotherms for different values of Reynolds number Re and 

Richardson number Ri. 
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The corresponding isotherm patterns for different 
Reynolds number and Richardson number at δ = 0.04 
are displayed in Fig.3. From the left column of this 
figure, it is seen that the isotherms for different values 
of Re at Ri = 0.1 are clustered near the heated surface 
of the enclosure, which indicates a steep temperature 
gradient along the horizontal direction in this region. 
Moreover, in the remaining area of the cavity, the 
temperature gradients are very small due to the 
mechanically-driven circulations.  
Additional, at Ri = 1, the thermal layer near the hot 
surface becomes thin and wavy isotherms observed for 
higher Re. Which indicates the steeper thermal 
gradient becomes strong with escalating Re. 
Furthermore, as Ri increases to 10 the thermal layer 
near the hot surface become very thin and the thermal 
spot is developed between the two rotating cells.  
The average Nusselt number at the heat source is 
plotted as a function of Richardson number for a 
particular Reynolds number is revealed in Fig. 4. Fig.4 
presents a very instructive picture of how the heat is 
transferred in accordance with Re and Ri. The average 
Nusselt number at the heated surface decreases very 
swiftly for higher values of Re with increasing value of 
Ri up to mixed convection regime but it increases for 
higher values of Re with increasing value of Ri >0. On 
the other hand, the average Nusselt number at the 
heated surface remains constant for lower value of Re 
(= 100) with increasing value of Ri up to mixed 
convection regime, later it increases. However, the 
average Nusselt number at the heated surface is found 
to increase as Re increases at fixed Ri. These results 
are probable because nanoparticles increases heat 
absorbing capacity of the base fluid. Therefore, it can 
be concluded that more heat transfer from the heat 
source is expected in the case of large parameter value 
of Re or Ri. One can notice that the values of Nu are 
lower for the pure mixed convection (Ri = 1), while it 
compared with that for the other values of Ri. 
Nevertheless, the values of Nuav are always maximum 
for the higher value of Re (= 500).  
 

 
Fig. 4 Effect of Reynolds number Re on average Nusselt number 

at the heated surface in the cavity. 
 
The effect of Reynolds number Re on average fluid 
temperature θav in the cavity is revealed in the Fig. 5. 

From this figure, it can clearly be seen that the value of 
θav decreases promptly with the raise of Ri for all 
considered Reynolds number. However, the values of 
Nuav are always maximum for the lower value of Re (= 
100). 
 

 
Fig.5. Effect of Reynolds number Re on average fluid 

temperature in the cavity. 
 
CONCULISION 
 
Forced convection parameter Re has a great significant 
effect on the streamlines and isotherms field. 
Buoyancy-induced vortex in the streamlines increased 
and thermal layer near the heated surface become thin 
and concentrated with increasing Re. In addition, the 
heat transfer increased by roughly 14.46% at Ri =1 but 
it increased by about 30.28.35% at Ri =10 as Re 
increases from100 to 500. The average Nusselt 
numbers at the heated surface is always upper and the 
average temperature in the cavity is inferior for the 
large value of Re. Moreover, Ag-water nanofluids are 
capable to modify the flow pattern. The solid volume 
fraction is a good control parameter for both pure and 
nanofluid filled enclosures. 
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